Prohormones of beta-melanotropin (beta-melanocyte-stimulating hormone, beta-MSH) and corticotropin (adrenocorticotropic hormone, ACTH): structure and activation.
It is proposed that all peptide hormones and releasing factors are biosynthesized in the form of precursor molecules which are biologically inactive. Enzymic activation may take place by hydrolytic cleavage to release a terminal COOH group or by transmidation to form a COOH-terminal amide. Studies with pituitary prohormones and hormones are providing data that support this hypothesis. Evidence has been obtained that the 91 residue beta-lipotropin (beta-LPH) is the prohormone of beta-melanotropin (beta-MSH). The specificity of the pituitary enzymes involved in release of the hormone was demonstrated by the isolation of five constituent fragments of LPH, which were obtained in homogeneous form from the pituitary gland of the pig. The enzymes have specificities similar to trypsin and carboxypeptidase B; carboxypeptidase A and aminopeptidase activities do not appear to be involved. Mild digestion of beta-LPH by trypsin in vitro has confirmed the susceptibility of the peptide bond on the carboxy side of the paired basic residues at positions 59 and 60, adjacent to the COOH-terminus of beta-MSH, and tryptic digestion of a model peptide demonstrated the same specificity. The paired basic residues at positions 39 and 40 adjacent to the NH2-terminus of beta-MSH were more resistant to tryptic attack, both in LPH and in a model peptide. In the gland it is apparent that LPH is cleaved on the carboxy side of the paired lysyl residues at positions 39 and 40, whereas in the synthetic peptide cleavage takes place in between these residues. The activating enzyme may differ from trypsin; alternatively, explanation may be found in the conformation of the prohormone. Prediction of secondary indicates that both pairs of basic residues lie adjacent to beta-bends on the surface of the molecule and occupy sites accessible to enzymic attack. It seems likely that alpha-MSH and corticotropin (ACTH) share a common pro hormone. The release of ACTH could involve cleavage of a -Gly-Ser- bond in the prohormone to expose the NH2-terminus of the hormone. With alpha-MSH, a concerted acetylation and cleavage may take place to form the N-acetylserine residue; the COOH-terminus may be released as an amide by direct transamidation of a -Val-Gly- bond in the prohormone. Release of either hormone would be accompanied by the release of contiguous fragments of the prohormone. We have isolated two novel polypeptides from pig pituitary in substantial quantity and have determined the primary structures. They may represent fragments of a prohormone to alpha-MSH or ACTH.